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ElectroDic circuit 



TECHNICAL FIELD OF THE INVENTION 

The present invention relates to the field of electronic circuits, and in 
particular to elec<3X)nic circuits having pipelines with variable latency in accessing a shared 
resource. 

5 

BACKGROUND OF THE INVENTION 

Many conventional electronic circuits, for example microprocessors, use 
'pipelines' to increase parallelism and performance. That is, where instruction execution in a 
microprocessor comprises several independent steps, separate units can he created in the 
10 microprocessor to carry out each step. When a unit finishes executing an instruction, it is 
passed on to the next unit in the 'pipeline', and starts work on the next instruction. 
Therefore, although the length of time required for an entire instruction to he executed 
remains the same as in a non-pipelined system, as the next instruction is only one unit behind, 
the overall result is that the performance of the microprocessor is improved. 
15 Unlike synchronous circuits in which a global clock signal controls how long a 

component processes data and when that data propagates to the next part of the system, 
components in asynchronous systems execute tasks at their own rate, and only move on to the 
next task when the next part of the system has acknowledged receipt of the data. 

Therefore, as there is no global clock signal, it is necessary for components in 
20 asynchronous systems to use a handshaking protocol so that individual parts of the system 
can communicate with each olher. 

In one type of system, when a first stage requires a second stage to perform a 
computation, the first stage sends a request to the second stage. The second stage performs 

theiKjmpiitatioirand, whmit has'^fiiiished the compulatioii;"sends wai}knDWledge^i@t£arto 

25 the first stage. When the first stage receives the acknowledge signal, it knows that the 
computation has been completed and it can move on to the next instruction. 

Alternative types of asynchronous systems are described in '^MOUSETRAP: 
ultra high-speed transitional signalling asynchronous pipelines" by Singh M. and Nowick, 
S.M., Proceedings of the International Conference on Computer Design (ICCD) 2001, pages 
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9-17, 'T^cropipelines" by Sufherland, LE., Communications of the ACM 1989 and in 
European Patent Application No. 03 103399.6 entitled "Electronic circuit witii a chain of 
processing elements". 

La asynchronous processors, the pipeline stages are generally implemented 

5 using latches. 

The instructions within the instruction sets that pipelined processors usually 
implement often have different latencies. This means that instructions take different lengths 
of tune to con^lete when they are executed in a sequential manner. 

For example, consider an arithmetic computation (ALU) instruction and a load 

10 operation. 

Figure 1 shows a classic five-stage pipeline 2 having five stages with 
respective latches 4, 6, 8 and 10. CPU arithmetic and logical computations are performed in 
the execute stage (third stage). Load instructions use the third stage for address computation 
and the memory stage (fourth stage) for actually loading data firom a memory, 12. 
15 ^In the write-back stage (fifth stage), the operation of writing back, eiflier the 

results of the execute stage (third stage) or the data loaded fi*om memory 12, into register file 
14 takes place. Therefore, write-back for an ALU computation can, in principle, occur after 
the execute stage, whereas write-back for a load operation cannot occur earlier than after the 
memory stage (fourth stage), 
20 However, if both the result of the execute stage and that of the memory stage 

were allowed to write back to the register file 14 as soon as the results are available, a load 
followed by an ALU computation would lead to two simultaneous write-backs causing a 
contention on the register file resource 14. 

This resource contention is presentiy solved in one of two ways. In the first 
25 approach, an additional write-port is added to the register file 14, allowing for two 

simultaneous write actions to occur in the register file 14. In Figure 1, da^ed line 16 
representsithe connection firom the third latch 8 to the second^mte-port in the register file_14. 
However, this approadtti^ expensive firom aJiardwrnei point of view. Also, in the case where 

toth write actionoa:© lisMned for the same locatida in thejce^BtariSle 14reome controlling' 

30 ch^mtsiyism^dBQid should-be written back-firstJ 

Th^S'3cmd_approach4Msa^own"'i3^^ forcs^rthsTesiiltLof tiioALU 
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match those of load instructions, thus reducing the performance and increasing the power 
consumption of the pipeline. A farther disadvantage of this approach is Hmt even if results of 
the ALU operation could potentially be written to the register file 14 earlier (i.e. when no 
load instruction was preceding it in the pipeline), it is unable, as it must still propagate 
5 through the "additional" stage (latch 10). 

There is therefore a need to prevent register file resource contention without 
requiring significant amounts of extra hardware, or increasing instruction latency. 



SUMMARY OF THE INVENTION 

10 According to a first aspect of the present invention, there is provided an 

electronic circuit adapted to process a plurality of types of instruction, the electronic circuit 
comprising first and second pipeline stages; and a latch positioned between the pipeline 
stages; wherein the electronic circuit is adapted to operate in a normal mode when processing 
a first type of instruction in which the latch is opened and closed in response to an enable 

15 signal, and a reduced mode when processing a second type of instmction in which the latch is 
held open so that the instruction propagates through the first and second pipeline stages 
without being stored in the latch; wherein the first type of instraction requires processing by 
the first and second pipeline stages and the second type of instruction requires processing by 
the second pipeline stage. 

20 According to another aspect of the present invention, there is provided a 

method of operating an electronic circuit, the electronic circuit being adapted to process a 
pluraUty of types of instruction, the electronic circuit comprising first and second pipeline 
stages and a latch positioned between the stages, the method comprising operating the 
electronic circuit in a normal mode when processing a first type of instruction in which the 

25 latch is opened and closed in response to an enable signal, and a reduced mode when 

processing a second type of instruction in which the latch is held open so that the instruction 
propagates through the first and second pipeline stages without being stored in the latch; 
wherein the first type of instruction requires processing by the first and second pipeline 
stages and the seconii type of iiistruction requfires processing by the second pipeline stager 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, and to show more clearly 
how it may be carried into effect, reference will now be made, by way of example, to the 
following drawings, in which: 
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Figure 1 shows a conventional five-stage microprocessor pipeline; 
Figure 2 shows a five-stage micropTocessor pqwline according to tiie 

invention; 

Figure 3 shows one implementation of a pipeline latch controUer according to 

5 the invention; and 

Figure 4 shows tiie operation of a five-stage pipeline according to tiie 

invention. 

DETAILED DESCRIFnON OF PREFERRED EMBODIMENTS 

Although tiie present invention will be described below witii reference to a 
pipeline in an asynchronous microprocessor, it will be appreciated tiiat tiie present invention 
is appUcable to any type of electronic circuit having a pipeline in which tiie problem of 
contention for a shared resource is solved by inti«ducing delay into tiie processing of 

instructions with different latencies. 

„„ ^.^^ 2 ^^^^^ ^ microproc^sOT pipeline according to tiie invention. In tiiis 

illustrated embodiment, tiie microprocessor pipeline 20 is a five-stage pipeline, however, it 
wiU be appreciated tiiat tiie invention is appUcable to pipelines having more or fewer stages. 
Furfhermore, tiie invention is described in relation to one specific handshaking protocol, 
altiiough it will be appreciated tiiat tiie invention is appUcable to systems using otiier 
20 protocols. 

The stages of tiie pipeUne 20 each comprise a respective latoh (22, 24, 26, 28 
and 30), and as conventional, each latch has a respective enable signal, Enl , En2, En3, En4 
or En5, which determines tiie operating mode of tiie latch. When tiie latch is enabled, tiie 
output of tiie laldi is tiie same as tiie input of tiie latch, and tiie latch is called transparent. 
25 When tiie latch is disabled, tiie output of tiie latch holds tiie last value at ite input. 

An instruction memory 32 is connectedto tiie first latch22, andtiiis stores tiie 
imtxuctions for tiie processor pipeUne 20. The instructions may comprise load instructions, 
whicb^ ^isedtQ-access aparticulanaddress in_a datememoiy 34, aritiimetic computation 

-instmcfiOTB,wffich-are-tob6:6xecntedbTffli^aritimi^^ 

30 conqaise-otisertST^s ofinstructionr, ^cka. Conqjare, Jun^, BrmckandzStoreinstruction.:: 
As .descrfbsd abovertiisiresulfeisf tiisloaismd^tiimsticicQmpuM^ 
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The retrieved instractian is stored in the first latch 22, and is passed to a unit 
38. The unit 38 is commonly knovm as the decode stage and decodes the retrieved 
instruction. The ouQjut of the unit 38, which may comprise control and data signals, is stared 
in the second latch 24, when the second latch 24 has received confimmtion that any 
preceding instruction has been safely stored in the third latch 26. These control and data 
signals teU each stage of the pipeline which operation they should perform. 

The instruction stored in the second latch 24 is then executed by ALU 36. If 
the instruction is an arithmetic computation instruction, the ALU 36 performs the 
computation. However, if the mstruction is a load mstruction, the ALU 36 calculates the 
address that must be accessed in the data memory 34 at the fourth stage of the pipeline 20. 
The result of the confutation is then stored in a register 40 or 42 of the third latch 26 when 
the fhmJ latch 26 has received confirmation that the precedmg instruction has been stored by 
the next stage. The particular register 40, 42 within the third latch 26 that st«res the result i 
determined by the nature of the mstruction being processed. For example, if the instruction 



IS 

is 



a load instruction, the result is stored ia ihe top register~40^that the data memory 34 can be 
accessed. Alternatively, if the instruction is an arithmetic instruction, the result is stored in 
the bottom register 42. In one implementation, the enable signal En3. in conjunction with 
conditional bits, allows the selection of the separate registers 40, 42. 

In the case of Compare, Store, Jump or Branch instructions, the instruction is 
fidly executed afler completing the third stage, ALU 36, or fourth stage (dependmg on the 
particular instruction). 

In the fourth stage, if the present instruction is a load instraction, the data 
memory 34 is accessed and the required data read out to the top register 44 of latch 28. If the 
present instruction is an arithmetic computation instruction, the result fiom the third stage 
25 (stored in lateh 26) is now stored in the bottom register 46 of lateh 28. 

Although only two registers are shown in each of the third and fourth latches 
26 and 28, it will be appreciated that there may be more than two, and the exact number will 
depend on the types of instructions that the pipeline can process. 

— In the fifth stagerfhe-result-ome-Tourth-stage (Stored in 1^^ - - 

into lateh 30 (hereinafter referred to as the 'register file'). 

As described above, once an arithmetic conqjutation instruction has been 
processed in the third stage, it is ready to be written into the register file 30. However, this 
wiU cause problems at the register file 30 if there is also data waiting to be written to the 
register file 30 in the fourth lateh. As described above, the result of the computation 
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instruction must be stored in the fourfli latch whUe the data loaded by a preceding load 
instruction or generated by executing a preceding arithmetic instruction is vmtten to the 
register file 30. 

Of course, storing flie result of the conq.utation instruction in the fourth latch 
introduces delay into the processing of tiie arithmetic computation mstiiictions. 

Therefore, in accordance with the invention, where instructions with different 
latencies are issued (i.e. the instructions take different amounts of time to confute tiieir final 
result), instructions can be accelemt«d through the pipeline 20 by allowing a selected latch or 
latches in the pipeline 20 to become transparent, effectively combining the two adjacent 
stages into one stage, thereby allowing the data to pass straight through to tiie next stage and 
removing the unnecessary delay in tiie data pafli. 

As mentioned above, different 'latencies' means mstructions that do not 
require the same amount of time to complete when executed in a sequential manner. For 
example, in the embodiment illustrated in Figure 2, an arithmetic conqmtation instruction has 
15 a latmcy of4,'as itd^not need to pass fliroughthe fourfti stage, and only needs to be 
executedby four of tiae five pipeline stages. However, a load mslmction (or the data 
associated witii it) needs to be stored by each of tiie five latches, and tiius has a latency of 5. 
Instructions such as tiie Compare, Branch and Jump instructions, which do not use tiie fiffli 
stage, have a latency of 3. The Store instiniction does need to use tiie fourfh stage, but does 
20 not need to use tiie fiftii (write-back) stage, and tiierefore has a latency of 4. 

Therefore, in accordance witii an aspect of tiie invention, storing tiie result of 
tiie conqmtation instruction in tiie fourth stage latch is prevented by holding tiiat lateh in a 
transparent state, tiiereby aUowing tiie result of flie computation instiiiction to be written 
stiraight to tiie register file 30 after completing tiie tiiird stage. 
25 However, if tiie instruction is a load instruction, tiie instruction must be 

processed by all five steges, and tiie fourth stage cannot be held in a transparent mode. In 
a^^^ti^.if^n aritiimetie computation inetmction is preceded in tiie pipeline by a load 
instixictioicorotiierjnstrnction^tiiatrequirespracesBingfey all fiire pipeline, .tege. (euch_aa.an 

«^-rt^^tr-in^ictfQiLterhag notbeen accelerated), tiie foutaxetagrcmotbe ' 

30 skqjpediy tiiatmtimietiai:o!i?ffltation-^tmu^:a^^^ be ^toredinJha fourth stege: 

Ttesfers, to-conti=QljhB op®:ationio£ihe_ fourthstags latch^S in accordsncer 
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In altemative pipelines in which stages other than liie fourth are redundant for 
particular instructions (which would depend upon the specific instruction being processed 
and/or the pipeline structure), the latch controller or further latch controUers can be connected 
to other pipeline latches. 

The latch control drcuit 48 acts to control the mode of operation of the fourth 
latch 28. If the instruction currently in the thnrd stage latch 26 cannot be accelerated through 
the pipeline 20, (for example it is a load instruction and must retrieve data in the fourth stage, 
or it is an arithmetic instruction preceded by a load instruction or an mstruction that requires 
processing by all five pipeline stages, such as an earlier arithmetic instruction that has not 
been accelerated) then the latch control circuit 48 causes the fourth latch 28 to be operated 
noimaUy by the enable signal En4. That is, the enable signal En4 controls whether the latch 
is transparent (i.e. when it is loading the next data to be stored) or whether it is holding the 
last value at its input when the latch was last enabled. 

However, when the instruction in the third stage can be accelerated through 
the pipeline (i.e. it is an instruction, for example an arithmetic instruction, that is preced^by 
an instruction that has been accelerated through the fourth stage or preceded by an instruction 
that does not require the fifth stage, e.g. a Compare instruction), the control signal holds the 
fourth latch in a transparent mode until another inshruction is processed that requires the 
fourth stage of the pipeline. That is, tiie latch contorol circuit 48 overrides the enable signal 
En4, and holds the latch 28 in a transparent state. 

The tiansparency of the latch 28 means that data provided firom latch 26 will 
be sent straight to the fifth stage for writing mto the register file 30, effectively skipping the 
fourth stage altogether. 

A pipeUne 20, havmg a mode in which one or mOTe of the latches are held 
open, effectively rendering that stage transparent, is known as a redticed pipeHoB. 

One implementation of a pipeline latch controller is shown in Figure 3. The 
latch 28 is switched betwe^ a normal latching mode (in which it is controlled by the enable 
signal En4) and a reduced mode where it is kept transparent 

<**isiFigaiBra higfr value-of the enablmg signal is translated into-the-lateh 28=- 
becoming transparent However, the adaptation of this controUer to flie opposite situation, in 
which a low value of the enablmg signal makes the latch tiansparent, will be readily apparent 
to aperson skilled in the art 

In the latch controller 48, the switching between the reduced mode and a 
normal mode is determined by the control signal (Conhrol). This signal controls flie operation 
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of a midtiplexer 50, which has the enable signal En4 and a supply voltage signal VDD as its 
inputs. 

If it is determined that the present instruction (for example an arithmetic 
instruction) is an instruction that can be accelerated through a pipeline stage, the control 
signal indicates that the latch 28 should be transparent, and the multiplexer 50 will be 
controlled by the control signal so that the VDD signal controls the operation of the latch 28. 
Therefore, the latch 28 will be forced into a tranqjarent state, regardless of the value of the 
enable signal En4. However, when the instruction is an instruction that must be stored and 
processed by the fourth stage, the control signal operates the multiplexer 50 so that the enable 
signal is passed to the latch 28, allowing the instruction to be stored in the fourth latch as 
normal. 

It will be appreciated that the latch control circuit described above and shown 
in Figure 3 is exemplary and is merely one of many possible latch control circuits that may 
be used to implement the present invention. Many alternative types of latch control circuit 
will be readily apparent to a person skilled in the art. 

Therefore, a latch with such a controller can be switched into a transparent 
mode whilst the other latches in the system can keep latching normally in response to their 
enable signals. 

In this illustrated embodiment, the control signal is generated by determining 
the identity of the relevant instruction and the current state of the pipeline. This state will be 
either that acceleration through the fourth stage is occurring or not occurring. As described 
above, acceleration will not be occurring if the previous instruction was a load instruction or 
if a load instruction has been executed earlier and has not yet been followed by an instruction 
that does not use the write back (fifth) stage. Acceleration will be occurring if no load 
instruction has been executed yet, or if a load instruction has been executed but was 
subsequently (butnotnecessariLy immediately) followed by an instruction that did not require 

the write-back (fiflh) Btage. 

It will be appreciatedihatdhatiming of the controLsignalniustbe carefully 

Gontroaed.. Jf th^ fouiniiaaMi ia^ 

B^iBgeia writisn_to th^jregisterdSle^ thaldata WiU-he-lo^LTheEsferes^the s:witchingiof:any fetch 
mustbe 'safeLxTilhJsgaid-to 'dis_flQW of teiihEou^^ihG^sipslins. 
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In the top half of Figure 4, the enable signals for each of the first, second, 
third, foxurth and fiflh latches are shown (Bnl, En2, En3, En4 and En5 respectively). The 
solid lines indicate the signals used to operate the latches. In the case of the first, second, 
third and fiflii latches, these signals correspond to their respective enable signals, whilst in 
the case of the fourth latch, this signal corresponds to the respective enable signal when the 
latch is operating in the normal mode, and is overridden with a 'high' signal when the latch is 
operating in the reduced or transparmt mode. The dotted lines on En4 show the conventional 
enable signal for the fourth latch. 

The bottom half of Figure 4 shows the instructions present in a particular 
pipeline stage at a particular time. The first pipeline stage, the stage at which instructions are 
fetched from the instruction memory 32 and which precedes the first latch 22, is denoted IF. 
The second, third, fourth and fifth stages which precede the second, third, fourth and fifth 
latches respectively are denoted ID, EX, MEM and WB respectively. 

In this exemplary pipeline, three different types of instruction are used. The 
first type ofinstnictionreqxiiresexecutionljy each ofthe five stages in the pipeline. A load 
instruction is one example of this type of instruction. The second type of instruction does not 
require execution by the fourth stage MEM, but does need to be written to the fifth latch. 
Arithmetic computation instructions, such as addition (add), subtraction (sub), logical or (orr) 
and logical and (and) are examples of the second type of instruction. The third type of 
instruction does not need to be written to the fifth latch after execution, and are fully 
processed after the third or fourlb stages. Compare (comp). Jump, Branch and Store 
instructions are examples of the third type of instruction. 

The bottom half of Figure 4 shows how a set of instructions propagates 
through the pipeline in accordance with the invention. In this illustrated example, the 
instructions being processed occur in the following order: siib, orr, load, add, sub, comp, add, 
and, sub, orr, and. 

In column 1, which shows the status of the pipeline during a first processing 
period, acceleration through the fourth latch is possible, as shown by the dashed box 52. 
Here; the *sub' instruction in the foiaih-stage has propagate through to the fifth stage as the — 
fourth latch is held in a transparent mode. It can be seen that enable signal En4 has been held 
*high\ thereby holding the fourth latch in the transparent state. 

A similar situation can be seen in column 2 which represents the status of the 
pipeline in a second processing period. Here, the *orr' instruction has propagated through the 
fourth and fifth stages. 
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However, as the next instruction following the 'orr' instruction is a *load' 
instruction, and this uses the fourth stage to load the required data ftom memory 34, the 
fourth latch can no longer be held in a transparent mode. Therefore, during the transition 
firom column 2 to column 3, the fourth latch is switched back into the normal mode, which 
5 can be seen from En4. Therefore, the 'load' instruction is stored in tihe third latch and the 
fourdi latch and fifth stage are inactive during the third processing period. 

In the fourth processing period, the 'load' instruction has passed into the fifth 
stage where its result is written to the register file. 

In the fifth processing period, although the 'load' instruction has been fuUy 
10 executed by the pipeline, it is not yet possible to accelerate any subsequent instructions. 
Specifically, the instructions following the load' instruction are 'add', 'sub% 'comp' and 
'add'. As the two instructions after the 'load' instruction are instructions of the second type 
(i.e. they do not need to pass through the fourth stage, but do need to be written to the register 
file) it is not possible to put the fourth latch back into the transparent mode yet. Therefore, in 
15 the fifUi andf sixth processing periods, the fourth latch is operated normally by En4. 

However, as the next iostniction 'comp' is of the third type (i.e. it does not 
need to be written to the fifth latch after execution, and is fliUy processed after the third or 
fourth stages) a 'slot' is created in the pipeline during the sixth processing period in the 
fourth stage (MEM). Therefore, this 'slot' allows the pipeline to be put back into a reduced 
20 state in which subsequent instructions can be accelerated through the fourth stage. 

Consequently, in the transitioml period between the sixth and seventh 
processing periods, the fourth latch enable signal is overridden with a 'high' signal which 
holds the fourth latch in the transparent state. Therefore, when the third latch is switched 
normally to receive the nextinstruction or compulBtion result (the 'add' instruction) this 
25 instruction propagates through both the fourth and fifth stages as though they were a single 
^ge. Again,- this 'single stage' is indicated by dashed box 52. 

The pipeline:will continue to be in this reduced state until another 'load' 
instructionig processed. 

Thewe of the:OTe^entimzmtion_p ov^^ 

30. . conventionaLBystsms-.The. fir^advaatsige is.. thatsoms_wilB^ba«±SLlo _1h©, registsr..fil© csn.^ 
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The second advantage is that, in the cases where a pipeline stage is reduced, 
there is no need to activate Hie latches of that stage during a processing cycle, and hence the 
power consumption of the chip is reduced. 

It should be noted Hiat the above-mentioned embodiments illustrate ratiier than 
limit the invention, and that those skilled in the art will be able to design many alternative 
embodiments without departing fix)m the scope of the appended claims. The word 
'comprising' does not exclude the presence of elements or steps other than those listed in a 
claim. 



,-.lt>.l 
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CLAIMS: 



1 . An electronic circuit adapted to process a plurality of types of instruction, the 
electronic circuit comprising: 

first and second pipeline stages; and 
a latch positioned between the pipeline stages; 
5 wherem the electronic circuit is adapted to operate in a normal mode when 

processing a Grst type of instruction in which the latch is opened and closed in response to an 
enable signal, and a reduced mode when processing a second type of instruction in which Ihe 
latch is held open so that the instruction propagates through the first and second pipeline 
stages without being stored in the lately 

10 wherein the first type of inslxuction requires processing by the first and secondpipeline 

stages and the second type of instruction requires processing by the second pipeline stage. 

2. An electronic circuit as claimed in claim 1, fiirther comprising a latch control 
circuit connected to the latch, the latch control circuit being adapted to control the latch with 

15 the enable signal when the electronic circuit is in the normal mode, and to hold the latch open 
when the electronic circuit is in the reduced mode. 

3. An electronic circuit as claimed in claim 2, wherein the latch control circuit 
receives a signal indicating the mode of operation of the electronic circuit. 

20 

4. An electronic circuit as claimed in claim 1, wherein the electronic circuit is 
adapted to process a third type of iastruction, wherein the third type of instruction does not 
require processing by the second pipeline stage. 



25 
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6. An electronic circuit as claimed in claim 5, wherein, after the instruction of the 

third type is processed, the electronic circuit is adapted to operate in the reduced mode if the 
following instruction is of the second or third type. 

5 7. An electronic circuit as claimed in claim 4, wherein the electronic circuit is 

adapted to operate in Ihe reduced mode until an instruction of the first type is processed. 

8. An electronic circuit as claimed in claim 1, wherein the first type of instruction 
includes a load instruction. 

10 

9. An electronic circuit as claimed in claim 1, wherein the second type of 
instruction includes an arithmetic computation instruction. 

10. An electronic circuit as claimed in claim 4, wherein the third type of 
IS instruction includes compare, store, branch and jump instructions. 

1 1 . An electronic circuit as claimed in claim 1, wherein the first pipeline stage 
comprises a data memory. 

20 12. An electronic circuit as claimed in any claim 1, wherein the second pipeline 

stage comprises a write back stage. 

13. A method of operating an electronic circuit, the electronic circuit being 

adapted to process a plurality of types of instruction, the electronic circuit comprisiag first 

25 and second-pipeline stages and a latch positioned between the stages, the method comprising: 
operating the electronic circuitina normal mode wheiLprocessing a first type of instruction 
in which the latch is opened and. closed in response to an enable signal, and a reduced mode 
when processing a second type of instruction in which the latch is held open so that the 
fiMmi^OTp*c5)agat©s through theJSrst and-^econd pipeline ^ages without being stored in th^~ 

30 latch;. 

T/hsrsinJhQ_first1yp3 of instruction xsquirsG-prcGessing-bif ths„fiiBt"and sscond_pip,slins,.. 
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14. A metliod as claiined in claim 13, wherein the electronic is fiuHier ad^ted to 
process a third type of instruction, wherein the third type of instruction does not require 
processing by the second pipeline stage. 

15. A method as claimed in claim 14, further comprising the step of operattag the 
electronic circuit in the normal mode until an instruction of the third type is processed. 

16. A method as claimed in claim 15, wherein, after processing the instruction of 
the third type, the method further comprises the step of operating the electronic circuit in the 
reduced mode if the following instruction is of the second or third type. 

17. A method as claimed in claim 14^ fiirther comprising the step of operating the 
electronic circuit in the reduced mode until an instruction of the first type is processed. 

18. A method as claimed in claim 13, wherein the first type of instruction includes 
a load instruction. 

19. A method as claimed in claim 13, wherein the second type of instruction 
includes an arithmetic computation instruction. 

20. A method as claimed in claim 14, wherein the third type of instruction 
includes compare, store, branch and jump instructions. 
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ABSTRACT: 



There is provided an electronic circuit adapted to process a plurality of lypes 
of instruction, flie electronic circuit comprising first and second pipeline stages and a lateh 
positioned between the pipeline stages; wherein the electronic circuit is adapted to qp^te in 
a normal mode when processing a first type of instruction in which the lateh is opened and 
closed in response to an enable signal, and a reduced mode when processing a second type of 
instruction in which the latch is held open so that the instruction propagates throu^ the first 
and second pipeline stages without being stored in the lateh; and wherein the first type of 
instruction requires processing by the first and second pipeline stages and the second type of 
instruction requires processmg by the second pipeline stage. 



Fig. 2 



PHNL040236 




PHNL040236 




PHNL040236 



3/4 




FIGURE 3 



PHNL040236 





U5| 





I 



